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Pain is a common complaint in oncology patients and can diminish their quality of life [1, 2] . Cisplatin is a common and effective chemotherapeutic against a variety of tumors. However, it has a dose-limiting effect, where 40-80 % of patients develop neuropathic pain 3-6 months into treatment [3] . Moreover, CIN does not abate upon discontinuation of treatment, a phenomenon known as "coasting" [4] . A large meta-analysis revealed that CIN was prevalent in 68 %, 60%, and 30 % of patients one, three, and greater than six months after cisplatin discontinuation, respectively [5] . Several approaches to prevent CIN have yielded disappointing results, as these compounds also interfere with cisplatinʼs antitumor properties [6, 7] . Current treatment for CIN includes nortriptyline, gabapentin, and lamotrigine. Each of these have shown efficacy against other neuropathic pain syndromes, but show little efficacy in CIN [8] . Collectively, these observations suggest a need to identify novel targets for the treatment of CIN. Targeting the cannabinoid system has shown efficacy in a variety of clinical syndromes including pain. Synthetic cannabinoids produce analgesia in a number of nociceptive assays and these effects can be produced by targeting either CB1 and/or CB2 receptors [9] [10] [11] . There is also recent evidence that CB targets may be efficacious in treating CIN. For example, selective CB1 and CB2 receptor agonists, as well as compounds that increase endocannabinoid tone, attenuate tactile allodynia in rodent models of CIN [12] [13] [14] .
Abstract ! Sativex, a cannabinoid extract with a 1 : 1 ratio of tetrahydocannabinol and cannabidiol, has been shown to alleviate neuropathic pain associated with chemotherapy. This research examined whether tetrahydocannabinol or cannabidiol alone could attenuate or prevent cisplatin-induced tactile allodynia. In experiment 1, mice (C57BL/6) received eight administrations of 2.3 mg/kg cisplatin or saline solution IP every other day to induce tactile allodynia. Mice were then administered vehicle, 100 mg/kg gabapentin, 2 mg/kg tetrahydocannabinol, or 2 mg/kg cannabidiol IP and tested 60 min later on an electronic Von Frey. In experiment 2, prevention studies, cannabidiol (0.0, 0.5, 1.0, and 2.0 mg/kg) or tetrahydocannabinol (0.0, 0.5, 1.0, and 2.0 mg/kg) was given IP 30 min prior to cisplatin administration (2.3 or 1.0 mg/kg) utilizing a six-dose alternate day protocol. In both studies, tactile responses to the hind paws were quantified in g of force using an electronic Von Frey prior to and after the cisplatin administration protocol. Cisplatin produced a reduction in g of force indicative of neuropathy that was attenuated by gabapentin, tetrahydocannabinol, and cannabidiol but not prevented by either cannabinoid. These data demonstrate that each of the major constituents of Sativex alone can achieve analgesic effects against cisplatin neuropathy. Reports indicate that cannabis products may be useful for a number of clinical syndromes [15] . The two major constituents in cannabis are THC and CBD, both of which affect CB1 and CB2 receptors, with CBD showing a lower affinity to each [16] . Sativex is a proprietary whole-plant cannabis extract that contains a 1 : 1 ratio of THC and CBD (2.7 mg: 2.5 mg). Sativex has been approved in Canada and the UK to treat multiple sclerosis, neuropathic pain, and opioid-resistant cancer pain [17, 18] . How the major constituents in Sativex perform against CIN is unknown. It may be that THC or CBD administered alone is effective in alleviating or, perhaps, preventing CIN.
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Experiment 1:
The effects of cisplatin on tactile allodynia are summarized in l " Fig. 1 . Paw withdrawal thresholds in cisplatin mice were lower than non-cisplatin mice and illustrate tactile allodynia associated with neuropathy. A one-way ANOVA on these data revealed a significant treatment effect [F(1,29) = 4.972,
The effects of gabapentin, THC, and CBD on paw withdrawal thresholds across cisplatin treatment conditions are summarized in l " Fig. 2 . In general, non-cisplatin-treated groups had higher paw withdrawal thresholds than cisplatin groups. In non-cisplatin-treated mice, gabapentin, THC, and CBD did not alter paw withdrawal thresholds. In the vehicle group, cisplatin produced tactile allodynia (i.e., lowered thresholds). This allodynic response was attenuated by all three of the test compounds. Consistent with these observations, a two-way ANOVA revealed a sig- The effects of THC and CBD in preventing cisplatin tactile allodynia are summarized in l " Fig. 3 . In both studies, cisplatin lowered paw withdrawal thresholds on day 12 from baseline measures taken on day 1 in the cisplatin administration protocol. Neither THC nor CBD, at any doses tested, affected the paw withdrawal thresholds. One-way ANOVAs on each data set failed to reveal significant main effects of either the THC or CBD dose (ps = n. s.). No further analyses were conducted on these data.
Discussion
!
The goals of this research were to examine whether the cannabinoid constituents THC or CBD alone can attenuate or prevent CIN. The current study demonstrates that THC and CBD alone can produce an attenuation of cisplatin-induced tactile allodynia similar to that of gabapentin. These findings suggest that the use of a THC/CBD in combination like Sativex may not be necessary in treating CIN. To our knowledge, this is the first attempt to study CBD alone in a CIN murine model and show a potential clinical benefit of this cannabinoid constituent in an oncology setting. Unfortunately, our findings also indicate that neither THC nor CBD can prevent CIN when administered prophylactically. Collectively, the current studies fit well with the existing literature on the role of cannabinoid modulation of CIN. For example, Vera et al. [12] demonstrated that cisplatin tactile allodynia in rats can be attenuated by administration of the CB selective and nonselective receptor agonists ACEA, JWH133, and WIN 55,212-2. Cisplatin tactile allodynia can also be attenuated through increased levels of the endocannabinoids anandamide and 2-arachidonylglycerol (2AG) via inhibition of fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase (MGL), respectively [13] . While targeting the endocannabinoid system with THC and CBD can modulate CIN, there is a literature that reports THC exposure can lead to increased cancer cell proliferation and tumor metastasis by decreasing antitumor immune responses. Thus, the use of Sativex may be contra-indicated in treating CIN in oncology settings. Evidence suggests that these contradictory findings may reflect dose-dependent effects where macromolar concentrations of exogenous CBs have antitumor properties while clinically relevant micromolar doses have tumor promoting properties. This biphasic dose-effect is also observed with THC [19, 20] . These data, along with the findings from the current study, suggest that CBD alone may be a viable alternative than THC or synthetic CB compounds and prove clinically efficacious in CIN in oncology settings.
Materials and Methods
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Subjects
Male C57BL/6 mice (25-30 g) were used in these studies. Food and water were provided ad libitum. Lights operated on a 12 : 12-h light-dark cycle with lights on at 06 : 00. Mice were housed two per polycarbonate tub with soft bedding. Mice used in Experiment 1 were experimentally naïve. A subset of mice that served as a control group (i.e., non-cisplatin) from Experiment 1 were enrolled in Experiment 2. These mice were given a 1-week drug washout before being enrolled in the cisplatin administration protocol. The following procedures were approved March 9, 2013 by the Institutional Animal Care and Use Committee at the University of Mississippi (Protocol #13-017).
Drugs
Cisplatin (TSZ-Chemical; purity > 99 %) was dissolved in 0.85 % saline to yield dosages of 2.3 and 1.0 mg/kg/mL (see studies below). Lactated Ringerʼs solution (Fisher Scientific; 0.25 mL) was used to hydrate the mice in order to prevent kidney and liver damage associated with repeated cisplatin administration. Gabapentin (TCI America; purity > 98 %) served as the reference compound and was dissolved in saline to yield a dose of 100 mg/kg/ mL. CBD (0.5-2.0 mg/kg/mL; > 98% purity) or THC (0.5-2.0 mg/ kg/mL; purity > 98%; NIDA Drug Supply Program) was dissolved in 5 % ethanol and 5% cremophor in injectable water. These doses were selected because they did not produce motor impairments, whereas higher doses of THC did.
Behavioral measures
An eVF (Topcat Metrology Ltd.) was used to measure paw withdrawal thresholds to a mechanical stimulus and determined the presence of tactile allodynia in cisplatin-treated mice. Mice were acclimated in a rectangular enclosure (3.81 × 11.43 × 11.43 cm) with metal rod floors for at least 5 min before testing. A Von Frey filament was applied to the mid-plantar region of the hind paw and withdrawal thresholds were recorded. Filaments were applied to alternating left and right hind paws at 3 min intervals for a total of 4 measurements per paw. The average score of these eight tests served as the dependent measure. Experiment 1 protocol: Mice were randomly assigned to receive 9 IP injections of either cisplatin (2.3 mg/kg/mL) or saline every other day with lactated Ringerʼs solution (1.0 mL/kg) on non-cisplatin days (Table 1 S, Supporting Information). Baseline eVF measurements were taken on day 1 and revealed a balanced group assignment. To assess the presence of tactile allodynia, additional eVF measurements were taken on ringers days 3, 6, and 9 prior to administration. On ringers day 9, eVF measurements revealed that cisplatin mice showed significantly lower paw withdrawal thresholds (i.e., allodynia) than the controls. The following day, pair-housed mice were separated in their home tubs via a metal divider and block assigned into saline, gabapentin (100 mg/kg), THC (2 mg/kg), or CBD (2 mg/kg) groups (n = 4-5).
The following 2 days the mice were given drugs via IP administration and assessed on eVF 1 h after administration. To accommodate eVF testing for all mice, drug screening was conducted across 2 days and counterbalanced across groups. Animals that lost > 25% of body weight were removed from the study and humanely euthanized (1 per experiment on non-cisplatin days (Table 2 S, Supporting Information). We found significant tactile allodynia after 6 cisplatin dosings and that prompted a change from 9 dosings in Experiment 1 to 6 dosings in Experiment 2. In an attempt to reduce animal numbers requiring a humane endpoint but still achieve significant tactile allodynia, a literature suggested that we lower the dosage of cisplatin from 2.3 mg/kg to 1.0 mg/kg. Separate cohorts of mice were randomly assigned into either CBD (Exp 2a: 0.5, 1.0, and 2.0 mg/kg) or THC (Exp 2b: 0.5, 1.0, and 2.0 mg/kg) treatment conditions. The cannabinoid vehicle served as a control group. Sample sizes were n = 3-4. Baseline eVF measures taken on day 1 revealed a balanced group assignment. Cannabinoid test drugs were administered IP 30 min prior to cisplatin administration in attempts to prevent the development of allodynia associated with CIN. eVF measurements were collected prior to the administration of cisplatin 3, 5, and the day following ringers 6. Animals that lost > 25 % of body weight were removed from the study and humanely euthanized (1 per experiment).
Supporting information
Order and time sequence of testing for Experiments 1 and 2 are available as Supporting Information.
